Bone hemangioma accounts for approximately 1% of all bone neoplasms and commonly occurs in the vertebral body and skull. However, costal hemangiomas are extremely rare. We herein present a case involving a 52-year-old woman with a hemangioma in the third rib and review 29 cases of rib hemangiomas available in the literature. Rib hemangioma mainly affects women in their 50s and has expansile osteolytic features in radiographs and a weak maximum standardized uptake value in 18 F-fluorodeoxyglucose positron emission tomography images. When these findings are displayed, clinicians should include rib hemangioma as a differential diagnosis and consider avoidance of preoperative biopsy because of the risk of life-threatening bleeding.
Introduction
Bone hemangioma accounts for approximately 1% of all bone neoplasms and commonly occurs in the vertebral body and skull. 1 Hemangioma of the rib is extremely rare, but this tumor may occur in all ribs. Distinguishing a hemangioma from other malignancies is difficult when the costal lesion shows osteolytic findings in radiographs because approximately half of all costal tumors are malignant. To our knowledge, few studies have demonstrated the clinicopathological characteristics of costal hemangiomas. We herein present a case of a costal hemangioma and describe its clinical features.
Case report
A costal lesion was incidentally detected during a regular checkup of a 52-year-old woman. She had no history of trauma and no complaints. Her medical history and family history were unremarkable. Chest computed tomography demonstrated an expansile osteolytic tumor in the midportion of the left third rib, extending toward the thoracic cavity ( Supplementary Figure 1  (a) ).
18
F-Fluorodeoxyglucose positron emission tomography revealed a maximum standardized uptake value (SUVmax) of 2.3 ( Supplementary Figure 1(b) ). Based on these findings, the differential diagnoses were a primary malignant bone tumor and other malignancies. The patient underwent en bloc excision of the tumor along with the adjacent soft tissues by axillary thoracotomy. Grossly, the lesion displayed a spongiform cut surface with hemorrhage and measured 5.0 Â 3.5 Â 2.5 cm (Supplementary Figure 1(c) ). Microscopically, the tumor comprised numerous irregular, dilated, and thin-walled vessels lined with a single layer of flattened endothelial cells without cytologic atypia, consistent with the findings of a cavernous hemangioma ( Figure 1 ). The bony cortex was eroded by this tumor. Both lateral margins were free from the tumor in permanent sections. The patient's recovery was uneventful, and she demonstrated no evidence of local recurrence 1 year after surgery. This study was approved by the institutional review board (CBNUH IRB, Cheongju, No. 2018-08-015), and the patient provided informed consent.
Discussion
Rib hemangioma is a very rare tumor. Most bone hemangiomas occur in the skull and vertebral column, and they constitute approximately 1% of all bone tumors. 1, 2 To the best of our knowledge, approximately 30 reports of rib hemangiomas have been published to date. Previous articles were identified through electronic searches of the Google Scholar and PubMed databases. The search terms were "rib hemangioma," "costal hemangioma," "rib vascular tumor," "costal vascular tumor," and "bone vascular tumor." We excluded articles that were written in a non-English language and in which the clinicopathological features were not available. In the present report, we review 29 cases of rib hemangiomas available in the literature and describe 1 case of a rib hemangioma (Table 1 and  Supplementary Table 1 ). Rib hemangiomas may manifest at any age, but they reportedly show a peak incidence at the age of 50 to 60 years (median, 50 years; range, 11-76 years). Additionally, they predominantly affect females; the cases reported herein comprise 19 females and 11 males. The tumor was incidentally detected in more than half of the patients, but approximately 43% (13/ 30) of the patients had one or more symptoms, such as localized back and chest pain. Some patients (11%, 3/28) had a history of trauma (a fracture at the location of the hemangioma). The tumors ranged in size from 2.9 to 16 cm (median, 6 cm). In one report, the tumors were found to occur in the right and left ribs at the same frequency, 3 but more than half of them (59%) occurred in the left rib. They frequently developed between the fifth and eighth ribs (70%), and only three tumors (12%) involved the anterior arc of the rib. Many rib hemangiomas (73%, 22/30) showed osteolytic changes in radiographs, causing them to appear as malignancies. A preoperative biopsy was performed in 6 of 30 patients, and the need for this procedure is controversial. Some authors have insisted that biopsy should be avoided because of a risk of seeding through the biopsy tract and bleeding, 4,5 whereas others have emphasized the need for a needle biopsy to obtain definitive diagnosis. 6 However, critical bleeding and hematoma formation were reported in some patients who underwent a biopsy. 7 The pathological diagnosis of a hemangioma in biopsy specimens is challenging to the pathologist because of disrupted blood vessels and empty spaces caused by loss of red blood cells during the procedure. Therefore, biopsy should be avoided unless multiple myeloma or metastasis is suspected. The treatment of choice for rib hemangioma is complete surgical excision; embolization, radiotherapy, and steroid therapy have been applied in a few patients, but these may increase the risk of local recurrence. 8 The SUVmax of rib hemangiomas in previous reports and the current case were 2.2, 2.3 (present case), 2.4, 2.5, and 2.7. The present case demonstrated characteristics that are typical of other costal hemangiomas, as noted above. When women in their 50s show an expansile osteolytic lesion with a low SUVmax in the mid-level rib, clinicians should consider costal hemangioma as a differential diagnosis and avoidance of preoperative biopsy because of the risk of life-threatening bleeding. However, a biopsy is necessary if malignancy is clinically suspected. In addition, complete excision of the costal lesion is required regardless of the preoperative impression.
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